ABSTRACT
INTRODUCTION
Assembling the tooth within the frame of gingival margins plays a symbolic role in smile designing and has a tremendous impact on the overall facial and dentogingival esthetics, and as orthodontists, it is our duty to harmoniously restore and balance the same. The term bimaxillary protrusion was first used by Calvin Case. 1 He describes bimaxillary protrusion as a condition where the entire dentures of both the jaws are protruded in relation to mandible and other bones of the skull. It is seen commonly in African-American 2-5 and Asian [6] [7] [8] populations. It is usually combined with lip incompetence, gummy smile, mentalis strain, and anterior open bite. As of the negative perspicuity of protrusive dentition and lips in various cultures, numerous patients with bimaxillary protrusion seek orthodontic care to decrease this procumbency. Facial esthetics, therefore, is the primary concern of these patients. Understanding of the ideal gingival topography has critical importance for the multidisciplinary diagnosis and treatment in the anterior dentition.
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The construct of an ideal smile requires assessment and proper analysis of the face, lips, gingival tissues, and teeth and an appraisal of conjointly how they appear. Hence, assessing all the components of a balanced smile is of paramount importance in cases of bimaxillary protrusion. Gingival heath comes first among the esthetic objective while treatment planning is under consideration. It is crucial to contemplate gingival morphology and contour. 9 The gingival morphology is said to have knife-edged tightly adapted gingival margin, interdental grooves, and cone-shaped interdental papilla. 10 Gingival zenith position (GZP) is defined as the most apical position of the cervical tooth margin. It is located slightly distal to the vertical line drawn down the center of the tooth (Figs 1 and 2) . Establishing, the proper location of zenith points is a critical step in alteration of mesial and distal dimensions. Moreover, the zenith on the maxillary central incisors and canines was described as at the same height, and that on the lateral incisors was described as slightly coronal.
11,12
One significant feature of gingival morphology along with gingival zenith is the gingival zenith level (GZL), which is defined as the line joining the tangents of the gingival zeniths of the central incisor and canine. Any kind of gingival asymmetry in bimaxillary protrusion will lead to visual stress and imbalance accentuating the already protrusive appearance. It is mandatory to correctly position the zenith following therapeutic manipulation because it can remarkably dominate the emergence profile and axial inclination of the teeth by readapting the line angle position of the long axis of the emergence of the crown from the gingiva. 13, 14 Despite its critical importance, to the best of our knowledge, morphometric evaluation of GZP and GZL in maxillary anterior dentition with increased crown angulation is not available. Thus, the intention of our research was to assess and establish the two clinical parameters GZP and GZL in bimaxillary protrusion and collate with a degree of crown inclination.
MATERIALS AND METHODS
Study Population and Experimental Design
The study was directed in conformance with the Helsinki declaration of 1975, as revised in 2000, and after institutional research and ethical committee clearance. Informed consent was received from all the patients participating in the study. The experimental sample consisted of 40 adult patients (11 males and 29 females), 20 to 23 years of age (mean, 20.8 years), with healthy gingival tissue and good systemic health.
Inclusion criteria containing population with nonrestored maxillary anterior teeth, teeth with no anterior crowding, no signs of incisal attrition, gingival recession or passive eruption, no previous history of orthodontic treatment, or where fixed or removable orthodontic treatment has not commenced were included in the study. Anterior teeth with mild rotations were excluded from the sample.
Clinical Data Collection
To establish the relative protrusion of the dentition, the angle between the long axis of the maxillary central incisors and the nasion/A-point line was measured in degrees, along with the distance between the mandibular central incisor tip and the nasion/A-point line in millimeters. These measurements were taken from Steiner analysis.
The millimeter distance establishes how prominent the incisors are relative to the supporting bone, while the inclination indicates whether the teeth have been tipped to their position or have moved there bodily. 15 Patient with proclination of 25 to 45° fulfilling all the inclusion and radiological criteria were clinically assessed, and silicone impressions of maxillary dentition were taken in the stock tray and poured with orthokal.
Morphometric Data Analysis
Reference lines were drawn on the stone caste as per Chu et al 16 (Fig. 2) . The cast was evaluated by an operator Before each measurement, calibration of the caliper was performed. To locate the voxel-based morphometry (VBM) of individual clinical crown, two landmarks, the proximal incisal contact area position and the apical contact area position of the tooth, furnished as the reference points. Both points were joined, and the center was marked for each line. A line joining the two centers was then extended till the gingiva to establish the VBM. After locating the VBM, the highest point in the contour of the gingiva was marked to establish the GZP, and the linear distance was noted (Figs 3 and 4) . This was performed on each tooth (central incisors, lateral incisors, and canines) to distinguish the location of GZP in medial and lateral direction. A tangent line was then drawn connecting the GZP of central incisor and canine, and the vertical linear distance of the GZP of the lateral incisor from this tangent was measured to establish the GZL of anterior maxillary dentition (Fig. 5) .
Statistics
Data were analyzed using Statistical Package for the Social Sciences version 10.0/PC (SPSS Inc., Chicago, Illinois). All results are expressed as mean ± standard deviation (SD). Intermeasurement differences were analyzed with the paired t-test for continuous variables and the χ 2 test for percentages. And a value p<0.05 was used to declare statistical significance. Finally, a multiple regression analysis was used to determine if age and sex were related to changes in GZP and GZL.
Examiner Reliability
To verify examiner reliability, all measurements were repeated on 10 randomly selected records 1 month after the original measurements. Paired t-test analysis was used to compare the original and repeated data. None of the eight measurements (GZP for 11, 12, 13, 21, 22, and 23 and the GZL for 12, 22) showed any statistical difference (p = 0.05) between the original and repeated values.
RESULTS
All the proclined central and lateral incisors showed a distal GZP from the VBM. There was no correlation found between age and sex when GZP and GZL were considered ( Table 1 ). The mean GZP for central, lateral, and canine was 0.9, 0.5, and 0.20% of canine population, which showed distal GZP from VBM and rest 80% showed centralized GZP. The GZL for both the lateral incisors was found apical by approximately a mean of 0.8 mm.
A two-sample t-test was performed, and statistically significant difference between the proclined group in regard to the location of GZP and GZL of anterior maxillary dentition was obtained for central incisors (Table 2) . Highly significant results were obtained when mild proclination (25-29) was compared with severe proclination. 
DISCUSSION
The perspective of gingiva is concerned with soft tissue encasing of the teeth; the basic agenda of this research is to discuss the variability of anterior dental esthetics citing physiological norms which are supposed to be helpful for clinicians to assess the treatment modality. The dentogingival esthetic units have been studied extensively in dental literature. Rufenacht in his study suggested that for a class 1 occlusion, the ideal GZL should be where the gingival contours of the central incisors and canines are at the same level and the lateral incisor positioned slightly more coronal. Though having a sample of class 1 malocclusion but with varying crown inclination, we concluded the same as Rufenacht. 17 He also concluded in class 2, division 2 malocclusions, the GZL of the lateral incisors is more apical compared with that of the central incisors and canines, as the laterals tend to overlap the distal aspects of the central incisors. Quality has many expressions but indeed targeting perfection is its own reward for proper rehabilitation of anterior dental esthetics; an adequate width-length ratio of the teeth along with the GZP are most enticing characteristics aiming to restoring a proper smile. Quantitative and qualitative evaluation of the degree of crown inclination and position of the GZP and levels has not yet been extensively studied. With growing modernization, knowledge about the position of gingival complex would enable us to perform evidence-based orthodontics and achieve the desired result, which fulfills the need of high standard esthetics in this scenario. This study provided us an opportunity to assess the esthetic principle and its conduct in interdisciplinary esthetic rehabilitation. Descriptive analysis of the measurements of proclination ratio revealed distinctiveness in each group with respect to its esthetic principle. Although the position of the zenith of the gingival tissue seems like a small detail, it can greatly influence the axial inclination and emergence profile of the teeth. The crown inclination and crown angulation tend to play a seminal role in the positioning of the tooth as well as its supporting structures. In our study, we aimed to decipher the effect of the crown inclination on the contour of its supporting gingiva. From Table 1 , we conclude that the GZP for central incisors in males is more distal as compared with GZP of central incisors in females. When intergroup correlation of various proclination was done, we found that with an increase in proclination there was a certain change in location of GZP. The multiple regression analysis performed in our study showed no correlation of age and sex with the location of GZP and GZL. There is no consequence literature available for reference comparing GZP and crown inclination.
It has been postulated that excessive proclination of incisors might be attributed to gingival recession as the unbalanced tooth arch relationship results in buccally prominent teeth enclosed by a thin or nonexistent labial plate of bone and inadequate keratinized gingiva. 18 As per the result of our study, excessive proclination does affect the position of gingival zenith where it might alter its distance from the vertical bisected midline. Statistically significant results were found when the intergroup correlation was done. As the present research has crosssectional design of the study, which only collected data at a single point of time, associations identified in this study should be interpreted with caution. Further, it must be stressed data being collected at a single point only sets a baseline for comparative evaluation of proclination and GZP and in no sense renders the effect of fixed orthodontic treatment on the gingival contour. On comparing the data obtained from the contralateral sides of the arch, all patients were found to be considerably symmetrical despite the variation in proclination. Both groups presented with values that were very close, and for the mild variation it could be inferred that there might be a very minute discrepancy between the mesiodistal dimensions for the six anterior teeth which generally goes unnoticed, however. Clinicians must take other clinical parameters One weakness of our study would be inability to quantify the extent of the effect of proclination varying the exact shift in the location of GZP. In our study, we relied on the measurements from cast rather than clinical examination. Trentini et al 19 in their study stated no statistically significant difference between measurement obtained from cast and clinical examination; however, questions can be raised as data collected from models are inconsistent and prone to iatrogenic errors. Finally, to give a broad conclusion with no large pool of data sets is another limitation for our study. In our venture to probe for dentogingival esthetic complex in malocclusion cases, we intend to carry further research comparing various other malocclusion patterns and setting a baseline for gingival contour followed by fixed orthodontic therapy.
CONCLUSION
This study provided direct quantitative measurements and qualitative descriptive statistics of the relative position of the GZP and GZL in correspondence to varying crown inclination. Our finding highlights the prime importance of achieving and maintaining proper gingival architecture during orthodontic treatment.
CLINICAL SIGNIFICANCE
Orthodontics is essential in the multidisciplinary team for the treatment of patients with bimaxillary protrusion, as these procedures are necessary to restore the shape and proportionality of the smile and contribute to both functional and esthetic reestablishment of the patient. 20, 21 
